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1. Introduction. - Since it was first introduced in 1972 [1] , the sputter source has attracted considerable attention, both because of its simplicity and its versatility in producing a wide variety of heavy negative ions. Most of the work until now has concentrated on the production of a wider variety of negative ions [2] , on increasing the intensity of the negative beam [3, 4] and, finally, on the measurement of the quality of the beam [5] . While both variety and intensity have improved, the quality of the beam, expressed as emittance or brightness, continues to remain relatively modest, especially when compared to the brightness of a beam derived from a direct extraction duoplasmatron source.
The purpose of the present work was to investigate the fundamental ion production process of this type of source, i.e. sputtering, through the study of the energy distribution of the négative particles. Since, in the absence of non-conservative forces, the emittance of the beam is determined once and for all at the origin of the ions, this type of measurement is expected to provide a useful insight into the factors that give rise to the relatively large emittance of the sputtered beams. From the surface physics point of view these measurements are also of some interest because there are few papers on the energy spread of negative ions [6, 7] and, to the author's knowledge, only one on negative ions derived from a surface covered by a layer of an alkaline element [8] .
All the energy spectra were obtained by means of a retarding field energy analyzer. The retarding field energy analyzer is similar to that described by Simpson [7] . It consists of two immersion lenses placed back to back and is shown schematically in figure 3 . The first lens retards the beam and focusses it through a 1 mm aperture on Since vdv = 2013 d V the above expression can be written Thus an I vs. V curve would be an integral curve which, after differentiation, yields the velocity (or momentum) distribution in a direction perpendicular to the equipotential lines at the barrier and not the total energy. The difference between this normal energy and the total energy of the particle is the resolution of the analyzer. This resolution are has been shown to be approximately equal to 9.5 x 10-4 for our arialyzer and experimental conditions [12] . Thus Fig. 5 ).
It might be useful at this point to relate, at least quantitatively, the energy distribution of the sputtered ions, which is a parameter describing a physical process, to the concept of emittance, which is derived from statistical mechanics and is used to describe the collective behaviour of an ensemble of particles. The fundamental assumption here is that the particles, on leaving the source, are only subjected to conservative forces. Thus, the emittance is determined only by the physical processes that occur at the point of origin.
The emittance is defined as the volume occupied by the particles of the beam in the six-dimensional phase space made up from the three position coordinates x, y, z and the corresponding momentum coordinates px, p y and pz. If the beam is to have a small emittance then it is a necessary condition that its extent in either the real space or the momentum space is small. 
